Background The aim of the study was to assess the impact of an outbreak of Escherichia coli O157:H7 that occurred in 1994 in a rural community, with a population of approximately 107 000, to the west of Edinburgh.
Introduction
The outbreak of Escherichia coli O157:H7 investigated is the largest reported milk-borne outbreak on record in the United Kingdom to date and it was the first reported world-wide to have involved a heat-treated milk supply. 1 The size of the outbreak, the severity of the illness and the high costs merited further exploration. This study was undertaken for the Department of Health. 2 Transmission of E. coli O157:H7 is by the faecal-oral route and the infective dose is believed to be low, less than 100 organisms and possibly as few as two organisms. The incubation period is usually about 48 h with a range of 0-14 days. Illness following infection is very diverse, ranging from asymptomatic or sub-clinical illness through a variety of symptoms including diarrhoea, bloody diarrhoea, abdominal pain of varying severity, sometimes with vomiting and fever, to the severe complications of haemolytic uraemic syndrome (HUS) and thrombotic thrombocytopenia purpurpa (TTP) and death. Of those infected the proportion reported to develop HUS, usually young children, varies between 2 and 15 per cent. 3, 4 Renal function usually recovers in a few weeks but long-term morbidity in terms of end stage renal failure can occur at any stage. In severe cases other organs can be damaged; these include the pancreas and brain. TTP has a poorer prognosis and tends to affect adults rather than children.
There is no specific treatment. Supportive therapy in terms of rehydration, either oral or intravenous, is important and in more severe cases transfusion of blood and blood products, dialysis or plasmaphoresis may be required. The morbidity is such that in Scotland 36 per cent of the cases have been hospitalized. 5 
The outbreak
The outbreak of E. coli O157:H7 described in this paper occurred in a rural community, with a population of approximately 107 000, to the west of Edinburgh. The area consisted of one new town and one ex-mining town, and a number of small villages.
Identification of the outbreak
An outbreak was identified on 19 May 1994 when two confirmed and two suspected cases of E. coli O157:H7 from the same local authority district were reported to the Department of Public Health Medicine in Edinburgh by the paediatric ward of the Regional Infectious Diseases Unit in Edinburgh. General practitioners (GPs), hospitals and neighbouring health boards were alerted and were requested to report all patients who had presented with haemorrhagic colitis (HC) or suspected HC in the last 2 weeks. At the first outbreak meeting, held 26 h after the first case had been reported, seven of 20 cases that had been identified, all children, had a positive history of drinking milk from a local dairy that had had coliform failures in the previous 2 weeks. The dairy was visited by environmental health officers late on 20 May 1994 and was closed by serving an Emergency Prohibition Notice. A 'Detention of Food Notice' was served on the milk awaiting delivery. Environmental swabs were taken from the pasteurization plant.
Sixty-nine people had faecal isolates of E. coli O157:H7. [Eight were negative using conventional methods but were positive using immunomagnetic separation (IMS).] Faecal samples were consistently negative from two children who required dialysis and plasmaphoresis in the acute stage and who have not recovered renal function. Serological confirmation of E. coli O157:H7 infection was obtained for the older child from a stored blood sample taken in the first 2 weeks of illness. The other, much younger child, although clinically part of the outbreak, could not be confirmed but has been included in the analysis. Epidemiological investigation revealed that over 90 per cent of cases had consumed pasteurized milk in bottles or cartons from the same local dairy. The human isolates of E. coli O157:H7 phage type 2 VT 2 analysed by the E. coli O157 reference laboratory at Aberdeen using pulse field gel electrophoresis were later found to be indistinguishable from the dairy isolates. Seven people who had no history of drinking milk from the implicated dairy but had had contact with a confirmed case were defined as secondary cases.
Patients were admitted to four hospitals -a district general hospital, the regional infectious disease unit, the children's hospital and another teaching hospital. A paediatric community outreach team was set up, operating from the district general hospital, to monitor children in the community so that those with impaired renal function could be admitted to a special unit promptly. Microbiological investigations were undertaken at five laboratories.
Aims
The study aimed to assess the economic and social impact of the outbreak. The specific objectives included assessing the impact upon cases and their families, on hospitals, primary and community care facilities, laboratories, and public health and environmental health departments during the acute phase of the illness and the subsequent 12 months. Projections of the implications of the illness on the cases over the next 30 years were also made.
Methods

Data collection
Information was collected using three survey instruments: a patient questionnaire, a survey instrument to collect details from general practice case notes and a survey instrument to collect information from hospital case notes. Consent to be interviewed and permission to consult their medical records was obtained from cases or their parents. Ethical approval was obtained to survey patients and to consult their medical records. Semi-structured interviews with key individuals involved in the investigation and management of the outbreak, and with professionals caring for patients were conducted.
Survey of patients
The semi-structured patient survey questionnaire, administered by two public health doctors, explored the medical and socioeconomic impact of the illness on the cases and their families during the acute phase and in the subsequent year. The questionnaires were piloted with four cases and their families, and amendments were made. The interviews took place in spring and early summer 1995. Each patient or carer was asked their age, household composition and occupation. They were asked to describe the symptoms experienced and the effect of these on their normal activities. They were also questioned about how the illness had affected them and their families over the year following the illness and to estimate the direct expenses they had had to meet as a result of the illness.
Costs of travel and telephone calls were estimated using both survey data and national tariffs of charges at that time. The time costs of accessing health services or visiting or caring for cases were estimated using the average earnings data for 1994-1995. 6 There was one death. The value used by Railtrack (£2.3 million) to estimate the value of a life lost in fatal accidents affecting many people was used to estimate the value of a life lost (Ref. 7; A. Evans, personal communication, 1996) .
Survey of hospital records
The survey of the hospital records used a standardized data collection instrument to obtain the age and sex of the patients, any co-morbidities, the symptoms on entry into the hospital, the tests and treatments undertaken. Any transfers to other hospitals, re-admissions or out-patient visits during the 12 month period were also recorded. Case notes of those who had been admitted to more than one hospital were examined for each admission and combined to obtain a profile of each patient. Data abstraction was undertaken by a team of four researchers directly overseen by clinical personnel.
Estimates of the number of bed days were derived from patients' records. These included the type of bed and the level of care required. The costs of these bed days were then calculated using costing data from each hospital. These costs included capital and overhead charges and medical and nursing care but excluded costs of pharmacies, laboratories and blood products. Cost of investigations and treatments for each patient were estimated separately using the costing information supplied by pharmacies, laboratories and the providers of blood products.
Using information collected at the time of the outbreak, the costs of the outreach team (time costs for staff, travel costs and costs of laboratory tests) were calculated.
Survey of GP records
A standardized data collection instrument was used to survey GP records. Information was collected about the age and sex of the patient, co-morbidity, primary and secondary diagnosis, symptoms, referrals, visits to and by the doctor, telephone calls, investigations initiated and treatments given. Senior health care personnel collected the data. GP data on the patients who had died or transferred to other practices were also located. Each GP was asked about the effect of the outbreak on the practice. The resources used for consultations in the surgery or in the home by GPs and community services were costed using the data provided by the Personal Social Services Research Unit of the University of Kent. 8 Estimates were made for the costs of telephone calls using national tariffs of charges.
Key personnel survey
Information about the epidemiological and microbiological features of the outbreak and the resources used to control it was obtained from interviews with key personnel in the public health department, the environmental health department and laboratories, and with hospital consultants. Estimates of time and resource costs of the investigation were derived from records or diaries of those involved together with data provided by personnel and finance departments.
All those involved in the investigation and management of the outbreak were asked about the implications for the ordinary work of their unit or department. Full analysis of these interviews is provided in the report. 2 The financial estimates for each health sector component were interpreted in light of the information obtained about the impact of the outbreak on normal activities, in an attempt to obtain a better estimate of opportunity costs.
Long-term sequelae
The precise timing of renal failure is difficult to predict; we used available evidence and judgements of clinical colleagues to estimate the cases that may experience renal failure, the likely duration of years on dialysis and the years spent functioning with successfully transplanted kidneys (Refs 9 and 10; M. M. Fitzpatrick, personal communication, 1997; C. M. Taylor, personal communication, 1997). We estimated that 4-6 cases would require dialysis and one or more transplants over 30 years. Associated with these events, cases and those taking care of them would require time off work. The timing of events was distributed randomly over 30 years. The costs were discounted at 5 per cent.
Analysis
Descriptive statistics were used to analyse the results. The results were reported by age and for those who were hospitalized and for those with a diagnosis of HUS or TTP. Mean values and the range of costs for each item of expenditure in each of these groups were calculated and total costs estimated. Statistical tests were used to assess the relationship between symptoms and hospitalization and for co-morbidity and hospitalization, and estimations of the relative risks were made. Qualitative analysis was conducted and used to enhance and interpret the findings from the quantitative analysis.
Sensitivity
To assess the robustness of the findings a sensitivity analysis was undertaken. A sensitivity analysis indicates how the costs would vary if numbers of incidents or cost vectors changed. It is often used in economic evaluations because statistical distributions cannot be calculated for cost vectors. In this analysis costs plus or minus 50, 20 and 10 per cent were used to show the impact on costs if errors in the estimates had been made. The likelihood of such errors occurring is discussed.
Results
Response rates
Interviews took place with 69 out of the 71 (97 per cent) cases or parents of cases, 1 year after the outbreak. One case not interviewed was a man who had moved away and the other was an elderly woman who had died. The notes of all hospital patients were reviewed. The GP notes of all 71 patients were reviewed and the GPs of all cases, except four who had changed GP, were interviewed.
Characteristics of the cases
The mean age was 17 years 2 months and the median age 5 years 7 months. Seventy-one per cent of those admitted to hospital were under 16 and 50 per cent were under five. A small number of cases occurred amongst the elderly but 60 per cent were hospitalized (see Table 1 ). Fifty-nine per cent of cases were female. One child, aged 1 year 9 months, died before diagnosis of E. coli O157:H7 was confirmed. One woman, aged 71 years, died but the death was not directly attributed to the outbreak.
ECONOMIC ASSESSMENT OF E. COLI OUTBREAK
Characteristics of the illness
Abdominal pain and ordinary diarrhoea were the most common combination of symptoms, followed by bloody diarrhoea and pain. Eighty-eight per cent of patients with bloody diarrhoea had abdominal pain and 96 per cent of patients admitted to hospital had bloody diarrhoea. Cases who were under 5 years of age and cases who were admitted to hospital reported four symptoms on average; all other cases reported an average of three symptoms.
Matrices have been constructed to show the combinations and frequency of symptoms (see Table 2 ) parentheses in Table 2b . Correlation between reported symptoms and hospital admission indicated a significant relationship between bloody diarrhoea ( p < 0.01), vomiting ( p < 0.01) and abdominal pain ( p < 0.1).
Duration of illness
The cohort reported a total of 86.7 weeks (1.7 years) in hospital over the year. This represented an average of 1.3 weeks for each case and 3.7 weeks for each hospital case interviewed. In total, the cohort of cases interviewed reported that they had experienced 480.1 weeks (9.2 years) of illness as a result of the infection, an average of 6.9 weeks for each case interviewed. The HUS cases absorbed 62 per cent of this time. The estimates of length of illness for the cohort were affected by two deaths: the child died before diagnosis and the woman died 3 weeks after diagnosis.
HUS
Ten cases (14.4 per cent) had HUS; five were female and 23 per cent of children under five years of age had HUS. One woman had TTP. Two male children, who had no renal function at 1 year, were on peritoneal dialysis. One child was an insulin-dependent diabetic, attributed to E. coli O157:H7 infection, and the other required intermittent naso-gastric feeding. Two other children are known to have reduced renal function.
Co-morbidity and hospital admissions
Information on co-morbidity was collected from GP and hospital records. Co-morbidity was recorded in GP records for 17 cases (25 per cent). The morbidity most frequently recorded was asthma (nine cases), both in the GP and in hospital notes. On collating information from the two datasets, 21 people had at least one co-morbidity, of whom 14 were hospitalized and seven were not. Co-morbidity involving the immune system was recorded in 11 hospital cases (asthma in five cases, eczema in three, diabetes in two, rheumatoid arthritis in one) and four community cases (all asthma). The relative risk of hospital admission for those with recorded co-morbidity of the immune system was 5.4 (95 per cent confidence interval (CI) 1.9-15.1).
Continuing symptoms
Eighteen patients (26 per cent) reported suffering intermittent symptoms related to the illness 12 months later. These cases had reported an average of 4.1 symptoms per case at the time of the illness, compared with recovered cases who had reported an average of 3.1 symptoms per case. Fifty per cent of those admitted to hospital were still suffering, compared with 13 per cent of those who were not admitted. Twenty-seven per cent of cases under 5 years were still suffering, and 75 per cent of cases aged 60 and over. Of the cases who reported that they were still suffering, 83 per cent had had bloody diarrhoea, onethird of all those with bloody diarrhoea (see Table 2c ).
The effects on families
Most families had lost time from normal activities including paid work to visit or care for cases. Some had changed their jobs and three lost full-time jobs and two part-time jobs because of the illness. A number of families had broken up under pressure of the illness, many were still stressed and some were in debt because of the expenses incurred.
Costs of the outbreak
Costs of general practice
During the acute stage of the illness 41 cases (56 per cent) visited the GP at the surgery and 35 (49 per cent) were visited by the GP at home. After the acute phase of the illness 35 cases (49 per cent) visited the surgery (an average rate of 1.6 per case) and 13 cases were visited at home a total of 33 times. Microbiological examination of stools was initiated by the GP for 35 cases. Prescriptions were given to 19 cases, and 26 items were prescribed; three cases were given antispasmodics, three others were given either Calpol or paracetamol. Six cases were prescribed oral rehydration. General practice costs represented 1.5 per cent of total costs. Non-hospitalized cases absorbed 62 per cent of these costs. The highest cost per case was for the TTP case (see Table 3 ).
Hospital costs
The costs of hospitalization, excluding the dialysis after discharge, accounted for 85 per cent of the total costs. The largest proportion of these costs, 95 per cent, was for HUS cases. The cost of bed days in hospital represented 90 per cent of the costs. Investigations and treatments cost 4 per cent and 6 per cent, respectively. The average cost of hospitalized patients was £8417. HUS cases cost on average £56 943 and the TTP case cost £16 835 (see Table 3 ).
Outreach team and ambulatory care costs
The paediatric outreach team visited 20 cases at home 124 times. Twenty-one cases visited A&E departments 30 times and 28 cases visited out-patients' departments 98 times. The average cost for community and ambulatory care of the non-HUS cases was £187, HUS cases £422 and the TTP case cost £1775 (see Table 3 ).
Costs to cases
Costs to cases and families were highest for children under 5 years (£232 per case) and for hospitalized cases (£822) and for HUS cases (£1434). Mothers did most of the caring: 93 per cent of the first carers in hospital, 75 per cent accompanying cases to GPs' surgeries, 62 per cent to A&E departments, 65 per cent to out-patients departments and 60 per cent of carers within the home. Fathers were the most common second carer but other relatives and friends helped in the home. Only eight cases were employed, six full time and two part-time -three ECONOMIC ASSESSMENT OF E. COLI OUTBREAK were male and five were female. This time off work cost £916 per case for those of working age. Costs to carers were estimated as £811 per case.
The costs of the outbreak investigation and control
The costs of the control of the outbreak were collected. These included the time costs of staff involved in conducting the investigation, attending meetings and hearings in court, preparing reports and dealing with the media, and the costs of consumables used in laboratory investigations.
2 These amounted to £172 000; £86 000 was the cost to environmental health, £20 000 to public health and £18 000 for reference laboratory work.
Summary of costs
The costs incurred by the health sector, individual cases and their families are summarized for each age group for those hospitalized or not and by the severity of the illness (see Table 3 ). The estimated total cost to the health sector was £649 167, that is, £9143 per case. The total costs of cases for the first year were £706 759, average cost per cohort cases of £9954; 94 per cent of the costs were for children, 88 per cent for HUS and 3 per cent for TTP. If the value of the life of a child who died 7 was included the average for each cohort case was £32 394. The total cost of the outbreak investigation and control was estimated to be £171 848, i.e. £2420 per cohort case (Table 5) . A sensitivity analysis of total costs was undertaken. This is reported in Table 4 .
Long-term sequelae
At the time of the investigation two children were on dialysis and more cases were predicted to require it in the future. We estimated that 4-6 cases in total would require dialysis and one or more transplants over 30 years. The discounted cost of treating these cases was estimated to be £678 000-£1 016 000, at 1994-1995 prices, representing an average of £9500-£14 300 per cohort case. In addition, those experiencing renal failure and those who care for them would experience loss of time from work. This was estimated to be £1 174 000 (see Table 5 ). Besides the treated morbidity it is possible that 104 JOURNAL OF PUBLIC HEALTH MEDICINE Consultations  97  93  48  120  171  69  124  90  119  312  Investigations  36  48  22  29  14  37  20  40  13  52  Drugs  3  6  1  1  1  1  7  1  17  0  Miscellaneous  10  11  4  12  6  7  12  10  11  13  Total GP  146  158  75  162  192 114  163  140  160  377 Other community or ambulatory costs further premature deaths (3-5) will arise either from renal failure or some complication related to the illness or its treatment. The value of these lost lives would amount to £6.9 million to £11.9 million, an average of £97 000-£167 606 per cohort case.
Discussion
The early collaboration and sharing of information led to rapid identification and control of the infection. Assuming that the infection rate had remained the same for merely a further 2 days, 12-16 further cases would have occurred. If the distribution of non-hospitalized, hospitalized and HUS cases had remained the same, £108 000-£144 000 extra costs would have been incurred in the year. The findings in this study reflect the particular characteristics of the outbreak. The estimations were based on small numbers, e.g. one case for TTP. Most cases were children because the vehicle of infection was milk and because of the greater susceptibility of children to E. coli O157. Outbreaks amongst the elderly raise different issues. The outbreak caused severe illness (HUS or TTP) in 11 cases. These cases absorbed most of the costs and were most likely to report symptoms 12 months later. In generalizing from this study, the distribution of children and the elderly and the proportion of severe illness should be taken into account.
It is well known that those with lowered immunity are more likely to develop infection, but we found that co-morbidity with diseases involving the immune system was significantly ECONOMIC ASSESSMENT OF E. COLI OUTBREAK Total estimated costrelated to hospital admission. This finding should be followed up in future research. Those who were severely ill made fewer claims on GP and community services during the acute phase, as they were treated in hospital, but their average costs over the year were high.
Abdominal pain was a symptom experienced by 59 cases, but only three cases were treated with antispasmodics. Calpol and paracetamol were used for analgesia and pyrexia in three other cases. Only six cases were prescribed oral rehydration in spite of the outbreak being predominantly in children.
This study included costs for 12 months following the outbreak. This allowed information to be collected about duration of the illness and the impact following the acute phase to be incorporated. An unexpectedly long period of recovery was reported that appeared to be related to symptoms during the acute phase. The retrospective nature of the study did, however, raise some concerns about recall bias. To limit recall biases the data reported retrospectively were corroborated when possible with data recorded contemporaneously in records, diaries and patients' notes.
In the National Health Service, costs that represent the economic value of resources used are difficult to ascertain. The resources in hospitals, laboratories and in public health and environmental health departments were fully employed before the outbreak. The outbreak changed not merely the level and capacity but the intensity and the complexity of the work. This was not likely to have been reflected in unit costs that prevailed before the outbreak. Attempts were made to estimate the cost of each case as precisely as possible. Financial information was supplemented by advice from those carrying on the work. Attempts were made to cost the opportunities that were forgone as a result of the outbreak.
Placing a value on life is difficult but to ignore it would imply that the socio-economic burden of illness is less if patients die. This is not acceptable on either ethical or economic grounds. A number of values of life have been estimated and used for policy decisions. It appeared that the Railtrack estimate for the value of life lost in an incident that might involve many fatalities was the one that most nearly approximated to the situation that pertains in an outbreak. This is higher than the £780 000 used to evaluate reductions of fatalities by the Department of Transport. Higher values have been reported for incidents involving children, 11 and for accidents involving aircraft (A. Evans, personal communication, 1996). The value of life is itemized separately to allow others to modify the amounts according to the perspective they wish to employ.
The costs of the outbreak are high but we have attempted to be conservative in our estimates and the amount is more likely to be under-than overestimated. The general costs of caring within the home are not included, as it was difficult to separate caring from other activities undertaken at the same time within the home. The cost of lost jobs by cases who were ill was omitted because it was difficult to determine whether the loss could be attributed solely to the illness or to predict when alternative work would be found.
It is difficult to predict the long-term consequences of the illness. Thus the projections may need adjustments as further information becomes available or if technological advances occur.
To assess the likely sensitivity of the findings to the assumptions made and the costs vectors used, a sensitivity analysis was undertaken. In this analysis a wide range of cost bands were used to accommodate the likely errors in the estimates. The costs of hospital staff were likely to have been underestimated substantially during the first weeks and months of treatment of the severely ill children but the underestimation was unlikely to have been by more than the amount encompassed by the 30 per cent sensitivity range. There may have been some under-and overestimate of the capital and overhead charges of some tests but these are not likely to have been very large and the items are a small portion of costs. Items about which there is most uncertainty concern the projected loss of life and the costs of future treatment; these figures will need to be revisited as more information about the clinical management of HUS cases becomes available. All estimates are sensitive to the numbers of HUS and TTP cases that occur.
Conclusion
The costs of E. coli O157:H7 are substantial. The effect on cases' and families' mental and physical well being was considerable. Clinical care should be directed towards preventing the illness progressing to HUS or TTP, caring for cases that progress and monitoring cases to identify renal disease promptly. The impact on the long-term well being of the cases is not yet known. Efforts should be made to reduce the incidence of the disease. Intervention strategies need to be identified and evaluated. In the event of failure to prevent the disease prompt intervention to control an outbreak is needed. This requires timely response by GPs, hospital doctors and microbiologists to alert Consultants in Communicable Disease. Strong networks and good communication systems are necessary.
